Abstract-This paper focuses on the analysis to find suitable locations to place dielectric resonators on microstrip transmission line in order to obtain a high coupling effect. A novel design of an X-Band bandpass filter from a combination of a simple transmission line and three cylindrical dielectric resonators are used in this analysis. The three dielectric resonators are same in permittivity and radius of 60 and 2.55 mm, respectively. This analysis found that the coupling effect can be maximized by placing dielectric resonators a distance of quarter or half wavelength from each other.
INTRODUCTION
Dielectric resonator (DR) offers a lot of advantages in increasing the performance of RF and microwave devices which make it as a unique feature in some of applications where size and Q-factor are very important. It is an ideal candidate for wireless application for a low design profile and wideband applications [1] [2] . However, the performances of the most distributed resonators are limited due to the use of effective dielectric constant and discontinuity of the transmission line. Strip line structures have grasped substantial research interests due to the advantages such as ease in the circuit realization in both series and shunt stubs and no need for via holes [3] [4] [5] . The design procedure of bandpass filter microstrip lines is well documented in literature [6] .
The advantages of dielectric resonators are more compact, higher temperature stability and easy to be practically applied in microwave circuits. Moreover they are amenable in multitechnology such as printed circuit and surface mounts technology. The dielectric resonators are also usually shielded to prevent radiation as well as maintain a high-Q that required by filter and oscillator circuits [7] .
Microstrip bandpass filters play important roles in microwave circuits and systems. The most famous filter in microwave applications is the bandpass filter [3] . The filter can be narrow-or wide-bands depend on the applications. A narrow-band bandpass device is designed for stringent specifications of passband insertion loss and stopband rejection. While a wide-band bandpass filter is normally used for high data transmission involving a lot of video and data communications [6] . Their practical realization varies depending on the applications.
The DR filters are good for mobile and satellite communications. A typical DR filter consists of a number of dielectric resonators that are mounted in a planar configuration to obtain a good resonant frequency [7] . The relative dielectric constant of the material for constructing DR in microwave filter generally is chosen from a higher value compared to the base substrate. The primary advantage in using a high dielectric constant is to miniaturize the filter size. The size of DR filter is considerably smaller compared to the dimension of waveguide filters operating at the same frequency. Furthermore, these DR filters are employed to replace waveguide filters in applications such as satellite communication systems where the planar filters cannot be used because of their inherently high loss. The challenges in designing a DR bandpass filter is how to choose a correct location to place the ceramic when few numbers of dielectric resonators are applied in the design.
In this paper, a detail analysis on the placement of the dielectric resonators in a new structure of a bandpass filter has been done in order to show the affect of the location on the matching of the filter. The optimum coupling effect in the filter was obtained from the matching position of the resonators on the microstrip line. The circuit was simulated with the help of CST Microwave Studio.
II. DESIGN METHODOLOGY
The size, location and shape of the dielectric affect the impedance matching of a microwave circuit. In this project, three dielectric resonators were excited with a simple microstrip line in order to obtain the optimum coupling effect. A match combination of dielectric resonators and microwave circuit capable to generate an additional coupling effect that can be merged together to produce a wideband device as well as increasing the transmitting power and reduce the insertion loss. This combination proficiently produces a low design profile.
There is an inversely proportional between size and dielectric constant. A high dielectric constant is required to reduce circuit size of a device. A significant miniaturization can be achieved, thus high-quality filters can be realized.
The wavelength in dielectric materials is divided by the square root of the dielectric constant, r ε in a function of , where o λ is the free space wavelength at the resonant frequency. Moreover, unlike resonant cavities, the reactive power stored during resonance is not strictly confined inside the resonator. The leakage fields from the resonator can be used for coupling or adjusting the frequency. The wavelength inside the DR, g λ is also inversely proportional to the square root of the dielectric. The resonant frequency and radiation Q-factor can be varied even dielectric constant of the materials are fixed due to the dielectric resonators able to offer flexibility in dimensions. The detail dimension of the circuit layout including the transmission line and dielectric resonators in millimeters are shown in Fig. 2 . The radius, r, of the dielectric resonators is equal to 2.55 mm, while the 50 Ω transmission line is 2.18 mm. The overall circuit length is 49 mm, while the location of dielectrics are DR1 = 14.5 mm, DR2 = 24.5 mm and DR3 = 41.55 from the input port. This design offers a flexible degree for choosing the most suitable coordinate to locate dielectric resonators on the circuit in order to obtain the best frequency and bandwidth that suit to the design aims.
A quarter-wavelength is very special in standing wave concept, used in most of microwave circuit applications. The feed line that terminated by a quarter-wavelength short-ended stub will maximize the amount of power coupled to the DR [8] [9] . The transmission line or stub length S was picked out so that its reactance cancels out at the location where the DRs were placed for a full resonant. It is mostly chosen to be:
where λ g is the wavelength in dielectric. The equations to find the guided wavelength in a microstrip were stated in [10] .
From the equations, it is indicating that the voltage allocation over the length of the line will fully resonate when the load end of the line is terminated at the quarter wave length. The same impedance and voltage condition is periodic every halfwavelength down further the line from the load completion toward the generator [11] . Fig. 3 shows the simulation results from the filter. The graph shows a flat insertion loss in the passband frequencies. The best value of insertion loss is -0.86 dB, while the maximum return loss is about -30 dB with a wideband bandwidth of 1.28 GHz. It is clearly shows that the filter is designed for a wideband application. The wideband was obtained from the design since the implementation of few dielectric resonators.
III. RESULTS AND DISCUSSION
Since surface waves are not generated in DRs, the radiation efficiency is not affected by the highest dielectric constant on the top. At the same time, the Q-factor is increases proportionally to the dielectric constant that will reduce the bandwidth of the filter. By properly choosing the dielectric constant, the Q-factor can be reduced. The volume of the DR and Q-factor can be traded off depending on the particular design application. For a low profile design, a combination of high dielectric constant and large DR area can be used to obtain a reasonable bandwidth. Feed line is very important in microwave devices. The design and implementation of this network involves a significant part of the overall design effort. An important issue here is how to feed the ceramics. Reference [12] shows a very simple way to do it, and it agrees with the field distribution from the microstrip line that coupled to the DRs. A proper design of the feed networks is able to minimize losses due to a match combination circuit reduces the reflected signal. However, the bandwidth specifications must be achieved within the limited circuit area. The choice and design of a feed network involves a tradeoff between bandwidth and circuit efficiency. If the circuit does not match, no maximum power transfer due to the signal was reflected back to the source.
Alternatively, series feeding technique results in a more compact size together with a lower loss network compared to a parallel method for the combination of DR devices. Power is transferred from the line to the DRs by electromagnetic coupling that can be controlled by adjusting the distance between the DRA. In the resonant approach, the microstrip line is terminated in an open circuit by the DRs. This approach will create a standing wave on the line where the voltage maxima/minima of each wave are located at multiples of λ g /2 such as in slotted line. Normally this approach is used to achieve a systematic approach for controlling the amplitude weighting of the elements [13] . An analysis on the position of the first DR along the microstrip transmission line through the coordinate of y-axis has been done in order to show a relationship of the signal reflection or matching ability. Fig. 4 shows the return loss of the filter become worst when the position of the dielectric is placed away from the distance of λ g /4 or 3λ g /4. As explained in the previous section, when the position of the dielectric resonator is placed on the sequence of λ g /4, 3λ g /4, 5λ g /4… nλ g /4, where n is an odd numbers 1, 3, 5… which is the repeat of maximum magnitude along the standing wave signal. It is clearly shows that the matching between the combination of dielectric resonator and the microstrip transmission line is good. The match position was increase the quality of coupling between both parties. 5 shows that the bandwidth of the insertion loss is maintained even the first DR is moved along the transmission line. However the maximum value of the return loss magnitude will become better when the distance is λ g /4, hence the circuit has a better steepness. Since the first quarter wavelength is very close to the input port which was prepared for a connector pet, then the second match location was 3λ g /4 which was about 14 mm. This result agrees well to the explanation in the previous part that the standing wave will repeat the same pattern for every half wavelength. Fig . 6 shows the transformation patterns of return loss effect from the variation position of DR2 along the transmission line. All responses show that the bandwidths of the return loss almost have no change. However, the magnitude of the signals is slightly influenced by the location of the DR2. When y = 22.5 mm, signals has an additional clear dip at 7.8 GHz, so that location is not suitable to locate the DR2. The best location is in between 23.5mm and 24.5 mm or about 5λ g /4 from the input port.
In Fig. 7 , the insertion loss does not affect much from the moving of DR along the transmission line. The signals only change in stopband, almost have no change in the passband. It looks like the best response was come from y=22.5 mm. However a tradeoff between the best magnitude and amount of insertion loss in stopband, then the best value should be chosen is must be the same as in Fig. 6 . This tradeoff is needed since the filter is a two port device, both of the insertion and return losses should be considered simultaneously. The analysis on moving dielectric resonator along the transmission line was continued to the last dielectric, DR3. The best location to place the DR3 is when y= 42.5 or equivalent to 9λ g /4 from the input port. Both return and insertion losses responses such as shown in Fig. 8 and Fig. 9 have same behavior such as moving the dielectrics DR1 and DR2. Bandwidth of the filter does not change, the only signal in stopband that has an obvious change is the insertion loss such as shown in Fig. 9 .
IV. CONCLUSION
A wideband bandpass filter has been used to analyze the suitable location of dielectric resonators in order to obtain a good coupling effect on the circuit. A tradeoff between high Q and bandwidth from the filter analysis was agreed well to the theoretical explanation. Since the full resonant will repeat itself every half wavelength along the transmission line, the array elements can be positioned every half wavelength in order to get the maximum coupling. The analysis results agreed to the microwave theory.
